Fetal serum from most of 994 bovine and 553 ovine aborted fetuses was tested serologically for antibodies to border disease (BD), bovine viral diarrhea (BVD), and bluetongue (BT) viruses, and to Leptospira sp., and the results were compared with the results of isolation procedures, fluorescent antibody tests (FAT), and histologic examinations of the same fetuses. Antibodies to BT virus were not found in any of the 994 bovine and 553 ovine fetuses. Antibody titers to BVD virus were present in 39 of 966 bovine fetuses tested, and BVD virus was detected in 4 of the 39. Four of 74 fetuses in which the BVD virus was detected by FAT or isolation had titers to BVD virus. Microagglutination (MAT) titers to 1 or more of 5 serovars of leptospires were present in 52 of 773 bovine fetal sera tested. Leptospires were not detected by FAT in any bovine fetuses that had leptospiral antibody titers. Leptospires were detected by FAT in 15 aborted calves, and none of these had MAT titers. Antibody titers to BD virus were present in 80 of 486 fetal lamb sera tested, and the virus was detected by FAT or isolation in 3 of the 80 fetuses. Border disease virus was detected in 14 of 486 fetal lambs tested. Twelve of the 14 were tested serologically and 3 had titers to BD virus. Leptospiral antibody titers were present in 27 of 326 ovine fetal sera tested. Leptospires were not detected in any of the 326 ovine fetuses tested by FAT.
Determining the cause of abortion in food animals and bovine fetuses are capable of responding immucontinues to present many problems despite the adnologically to these antigens at some stage of gestadition of refined diagnostic methods over the past sevt i o n 2 , 6 , 1 2 -1 4 , 2 0 , 2 3 , 2 4 , 3 0 , 3 8 , 3 9 , 4 1 , 4 8 , 5 2 , 5 3 era1 years. Generally, etiologic diagnoses are made in
The purpose of this study was to determine if sefewer than 50% of food animal abortions. 19, 25 Although rologic examination of fetal fluids for antibodies to BD, antibody may pass from a pregnant ewe to her fetus if BVD, and bluetongue viruses, and 5 serovars of Lepmaternal and fetal placental vessels fuse due to damage tospira interrogans (pomona, hardjo, icterohaemorto the placenta,42 it is generally accepted that significant rhagia, canicola, and grippothyphosa) would be of diamounts of maternal antibody do not cross the plaagnostic value. centa to fetuses of food animals even when there is placentitis . 9 Bovine and ovine fetuses can respond Materials and methods to some antigenic stimuli early in their fetal l i v e s 10, 15, 37, 40, 50, 51 Several attempts have been made to take 'advantage of these characteristics in diagnosing infectious causes of abortion. 18, 22, 32, 34, 46, 47 In reproductive failure due to parvovirus infection in swine 28, 31 and toxoplasma1 abortion in sheep, 3,35,49 serologic examination of fetuses has proven to be a very effective diagnostic tool. Although fetal immunologic response to some other infectious abortifacient agents occurs, the diagnostic value of serologic examination of fetuses for most of these infectious agents is unknown.
It is difficult to determine when border disease (BD) virus, bovine viral diarrhea (BVD) virus, leptospiral infection, or bluetongue virus (BTV) is the cause of an abortion. Experimental evidence indicates that ovine Necropsy and tissue collection. A necropsy was performed on each bovine and ovine fetus submitted to the South Dakota Veterinary Diagnostic Laboratory (1983-l 986) and tissues were preserved in buffered 10% formalin for histologic examination. The number of tissues examined microscopically from each fetus varied depending on circumstances. Only lung and liver were examined from fetuses that had extensive postmortem autolysis that made interpretation of histologic features difficult. Brain, lung, and liver from all well-preserved fetuses were examined microscopically, and, depending on necropsy findings, spleen, kidney, thymus, lymph nodes, and any other organ with possible lesions were also examined. Fetal placenta, when available, was always examined histologically.
Histologic examination. Tissues were prepared by standard histologic methods, stained with hematoxylin-eosin, and examined microscopically . 55 Special stains were applied to some tissues when the pathologist deemed them of possible value.
Fetal serum. Heart blood or fluid from the thoracic or abdominal cavity was withdrawn with a needle and syringe, Bacteriologic examination. Stomach content was drawn with a sterile needle and syringe and cultured aerobically and microaerophilically on sheep blood agar plates. In addition to stomach content, lung from ovine fetuses was cultured in the same manner as the stomach content. Bacterial isolates were identified by standard bacteriologic methods? A drop of ovine fetal stomach content was examined by darkfield microscopy for Campylobacter sp. Portions of lung and fetal placenta were stored at -20 C, and when lesions were found that could not be attributed to an identified agent, these tissues were cultured using special techniques for Brucella sp., 36 Mycoplasma sp., 27 and Ureaplasma diversum. 33 Smears of the cut surface of ovine fetal placentas were stained by the Gimenez method 16 Serologic examination. Fetal sera were tested for leptospiral antibodies by the microagglutination test (MAT) using cultures of 5 serovars. 7 The sera were screened at a dilution of 1:10. Serial 2-fold dilutions were made of the sera that agglutinated leptospires at the 1:10 dilution and the endpoint MAT titer was determined.
Serum neutralization (SN) test procedures were used to test ovine and bovine fetal sera for antibodies to BD virus and BVD virus, respectively. 4 Twofold dilutions of the original 1:10 dilution of serum were used to determine endpoint titers.
The immunodiffusion test was used to detect the presence of antibodies to BTV in bovine and ovine fetal sera. 21 All ovine fetal sera were tested for antibodies to Toxoplasma gondii by the modified direct agglutination test. 8, 49 Fetal titers of 1:16 or greater were considered diagnostic of prenatal infection.
Virus isolation. Lung, liver, spleen, and kidney were pooled and macerated in Eagle's minimum essential medium containing antibiotics. Fetal placenta was cultured separately. The bovine tissue extracts were inoculated onto primary cell cultures of bovine turbinate and lung, and the ovine tissue extracts were inoculated onto primary ovine lung and kidney cell cultures. All cell cultures were examined daily for cytopathic effects (CPE), and those with no CPE were passed to fresh cell cultures twice at weekly intervals. The fluorescent antibody test (FAT) for noncytopathic BVD or BD viruses was done on each inoculated cell culture. Cytopathic viruses were identified using immunofluorescence with specific antibody conjugates.
Fluorescent antibody tests. Fluorescent antibody tests for bovine herpesvirus type I (infectious bovine rhinotracheitis, IBR) were done on all bovine fetal kidneys, and similar tests for BVD or BD virus were done on bovine and ovine kidneys and spleens. 43 Fluorescent antibody tests for leptospires were done on all fetal kidneys. 26 Mycologic examination. Bovine fetal stomach contents and all available bovine fetal placentas were cultured for fungi on Sabouraud's medium. Scrapings from bovine cotyledons were digested with 10% KOH containing 0.05% calcofluor white and examined for fungal elements by fluorescence microscopy. l7 Etiologic diagnosis. An etiologic diagnosis was made by: (1) isolating from or otherwise identifying a known abortifacient agent in the tissues of a fetus, (2) isolating any opportunistic infectious agent in pure or nearly pure culture from a fetus and demonstrating lesions compatible with the infection in the tissues of the fetus or fetal placenta, (3) demonstrating gross lesions of extensive anomalous development, (4) having a history indicating dystocia, or demonstrating lesions indicative of dystocia, or both, or (5) having a history of twin calves or being presented with twin calves in which no lesions or infectious agents could be demonstrated.
Results
Bovine. Diagnostic procedures were done on 994 aborted or stillborn bovine fetuses. Etiologic diagnoses, including dystocia, twinning, and gross anomalies, were made in 432 (43.4%) cases (Table 1) .
Antibodies to BTV were not detected in any of the 994 bovine fetal sera tested.
The SN test for antibodies to BVD virus was done on 966 bovine fetal sera. The number of bovine fetal sera that reacted at each dilution of 1:10 or greater and the number of these fetuses in which BVD virus was detected are given in Table 2 . Forty-nine sera were toxic to cells at dilutions of 1:40 or less and these were recorded as negative if no antibody was detected in greater dilutions. Seventeen sera were toxic to cells at dilutions of 1:80 or greater, and data from them were not included in the results. There was insufficient se- rum from 11 fetuses for testing. Bovine viral diarrhea virus was detected by culture, FAT, or both in 74 bovine fetuses. Four of these fetuses had a titer of 1:10 or greater for BVD, and 2 had serum that was toxic to cells. Etiologic diagnoses other than BVD were made on 15 fetuses with BVD titers of 1:10 or greater (Table 3) . Four other fetuses with BVD titers of 1:10 or greater and no etiologic diagnosis had lesions (2 chronic passive congestion, 1 pneumonia, and 1 hepatopathy).
The MAT for antibodies to 5 serovars of L. interrogans was done on 773 bovine fetal sera. Leptospiral MAT examinations were not done on sera gathered during the first year of the study. Therefore, the total number of sera tested for leptospiral antibodies is less than the total tested for the other 2 diseases. Titers of 1:10 or greater for leptospirosis were present in sera from 52 fetuses. The numbers that reacted at each dilution of 1:10 or greater are given in Table 4 . Causes for abortion other than leptospira were found in 18 of the 52 fetuses with leptospiral titers (Table 5) . One other fetus with a MAT titer of 1:20 had placentitis, but no etiologic diagnosis was made. Thirty-one other fetuses with MAT titers of 1:10 or greater had neither Ovine. Diagnostic procedures were done on 553 aborted or stillborn ovine fetuses. Etiologic diagnoses, including anomalies and dystocia, were made in 299 (54%) cases (Table 6 ). Antibodies to BTV were not detected in any of the 553 ovine fetal sera tested.
The SN test for antibody to BD virus was done on 486 ovine fetal sera. Thirty-one other sera were toxic to cells at dilutions > 1:40. The remaining 36 sera were not tested because there was not sufficient serum or they were unsuitable for testing because of contamination or excessive hemolysis. Eighty ovine fetal sera had BD virus antibody titers of 1:10 or greater. The numbers that reacted at each dilution and the numbers of these fetuses in which BD virus was detected are given in Table 7 . Etiologic diagnoses other than BD were made on 45 of 80 fetuses with BD titers (Table  8) . Lesions were present but no etiologic diagnosis was made in 10 other fetuses that had BD titers (Table 9 ). Border disease virus was detected by culture, FAT, or both in tissues from 14 ovine fetuses. Three of these had BD titers of 1:10 or greater (Table 7) , and the serum from 2 others was toxic to cells.
The MAT for leptospiral antibodies was done on 326 ovine fetal sera. Of these, 27 had titers of 1:10 or greater (18 had titers of 1:10, 6 had titers of 1:20, and 3 had titers of 1:40). Leptospirosis was not diagnosed by FAT in any of the aborted lambs. An etiologic diagnosis other than leptospirosis was made on 10 of the 27 lambs that had leptospiral titers (Table 10) . Two other lambs with 1:10 titers had gross anomalies, and 3 lambs with titers of 1:10 or greater had lesions (1 placentitis and 2 pneumonia) but no etiologic diagnosis. Lesions were not found and etiologic diagnoses were not made in the remaining 14 fetuses with leptospiral titers.
Discussion
Stockmen and veterinarians of the Northern Plains are concerned about the possible effects of BTV infection on bovine and ovine reproduction. There is serologic evidence that the infection occurs in cattle and sheep in the Northern Plains, but it has not been linked directly with reproductive failure in this area. Laboratory diagnosis of abortion caused by BTV is difficult. Fetal lesions are generally confined to the central ner- vous system, and these tissues often are unavailable for examination or are unsuitable because of postmortem autolysis. The process of isolating the virus by intravenous inoculation of chick embryos does not lend itself to routine diagnostic use, and the virus often is neutralized or eliminated from fetuses in late gestation. 30 Calves and lambs are able to produce antibodies to BTV at about 130 days and 122 days of gestation 3l respectively. 20,37,39 These antibodies are detectable by the standard agar gel diffusion test. 20, 30 There have been reports that bovine fetuses infected with BTV in the first trimester may become immunotolerant, persistently infected, and serologically nonreactive to challenge by the virus. 29 However, others have been unable to confirm this experimentally. 54 It appears that if BTV were infecting many ovine or bovine fetuses in the area represented by these specimens, at least a few of the 1,547 fetuses examined would have had detectable antibodies. However, in the Northern Plains, most beef cows are bred in July and August and ewes are usually bred in August through November. Most insect transmission of BTV occurs in the spring and fall, but early cool weather may greatly restrict the activity of the vectors in the fall. Thus in the Northern Plains, infection of cows and ewes during the late stages of gestation when the conceptus is able to produce antibodies to BTV infection may be limited. The results of this investigation provide no the ability of antibody reindication that BTV is a major cause of reproductive sponse may account for the relatively low titers enfailure in this area. countered in this study. Because results of all the bluetongue serologic tests were negative and no attempt was made to detect BTV infection by other means, these data provide no means of determining the efficacy of the serologic test of fetuses as a diagnostic procedure for abortion caused by BTV.
Although BVD virus is one of the most commonly diagnosed causes of bovine abortion in the Northern Plains area, the sensitivity of the procedures used for diagnosis is not known. Bovine fetuses are able to produce serum neutralizing antibodies to BVD virus beginning at about 160-200 days of gestation. 2,6 Isolation of BVD virus from experimentally infected bovine fetuses that have developed antibody to the virus has proven difficult, 2,6 and the presence of specific antibody may also decrease the effectiveness of the FAT for detecting the presence of the BVD virus in tissues. The BVD virus was not detected in the 22 fetuses with titers of 1:10, and diagnoses other than BVD infection were made on 12 of these fetuses. Bovine viral diarrhea virus was detected in only 4 of the 15 fetuses that had titers of 1:20 to 1:80 and the virus was not detected in the 2 fetuses with titers of 1:640. A cause of abortion other than BVD virus was determined in a large percentage of cases (37.8%) wherein the fetus had a BVD titer of 1:10 to 1:80, suggesting that either these titers are insignificant or that the BVD infection occurred concurrently with the diagnosed cause of the abortion. Antibodies to 2 or more infectious agents have been found in individual bovine fetuses. 34, 56 This may indicate multiple fetal infections, or, depending somewhat on the serologic method used and the titer, the test may be detecting nonspecific inhibiting substances. 45, 56 We have detected BVD virus in up to 30% of bovine fetuses aborted because of fungus, Bacillus sp., or Actinomyces (Corynebacterium) pyogenes infections. Because BVD virus has an immunosuppressive effect, the infection of a pregnant cow may increase her susceptibility to other infections that result in abor-Antibody to BVD virus may interfere with virus isolation and the FAT, and BVD infection seldom causes characteristic gross or microscopic lesions in an aborted calf. Therefore it is difficult to compare the efficacy of serologic examination of fetuses for BVD virus antibody with these classical diagnostic procedures. However, results of this investigation indicate that fetal BVD serum neutralization titers < 1:80 are of questionable significance. Titers > 1:80 probably indicate BVD virus infection of the fetus, but they do not rule out concurrent infections. Antibodies were detected in only 4 of 74 known infected bovine fetuses, indicating that the serologic test is relatively insensitive compared to virus isolation and FAT.
Evidence indicates that fetal lambs infected with BD virus before mid-gestation may become persistently infected, develop lesions, and will not react immunologically to the virus. 1 Gross and microscopic examination, virus isolation, and FAT should identify the majority of these lambs. Most fetal lambs infected with BD virus after 90 days of gestation will produce antibodies to the virus. l4 Serum neutralization titers to BD virus in infected fetal lambs have been reported to be between 1:5 and 1:729. 1, 12 All of the fetal titers in the present investigation fell within this range, and BD virus was detected in 3 of 52 fetuses with titers of 1:20 or 1:40. An etiologic diagnosis other than BD was made for each of the 5 fetuses with BD titers > 1:80 and for 45 of 75 fetuses with lower titers. However, concurrent infections were not ruled out. The BD virus probably is imummunosuppressive, 48 and presents the same complications in interpretation of the results of fetal serology as does the BVD virus in fetal calves.
Calves experimentally infected with L. interrogans serovar saxkoebing on gestation days 214 and 223 had precolostral MAT titers of 1:6,400 when born 47 and 41 days after inoculation. 11 The highest titer in the 773 aborted bovine fetuses we tested for leptospira! antibodies was 1:80. Serovars Pomona and hardjo infect Johnson tion. 44 Thus numerous multiple fetal infections might occur when BVD virus is involved.
Only 2 fetuses had titers of 1:640, and none had a titer greater. Experimental infection of bovine fetuses has produced BVD serum neutralization titers > 1:200,000. 23 It is not apparent why titers of this magnitude were not encountered in any of the fetuses examined in this investigation. Differences in the testing methods may have influenced the titers. In addition, cytopathic BVD viruses have been used in almost all animal inoculation experiments in perience, cytopathic BVD viruses from the past. In our exare seldom isolated cattle most often in the USA, and they may not be as antigenic in cattle as is saxkoebing. The fact that none of the 15 fetuses positive by FAT for leptospirosis had detectable antibodies indicates that serologic examination of fetuses for leptospirosis lacks sensitivity.
Only a small percentage (8.28%) of the fetal lamb sera reacted to the MAT for leptospiral antibodies, and none had a titer greater than 1:40. An etiologic diagnosis other than leptospirosis was made in 10 of 27 abortions with leptospiral titers. Leptospira were not detected in any of the lambs by the FAT for leptospira. Therefore, this study provides inadequate data to determine the efficacy of serologic examination of aborted lambs for diagnosing leptospiral abortion.
The absence of fetal antibodies cannot be used to eliminate any specific infectious agent as the possible cause of an abortion. The fetus may be incapable of producing antibodies to the specific agent at the time in gestation that the infection is present, or the infection may kill the fetus before it has a chance to respond. The presence of specific fetal antibodies to an infectious agent provides indisputable evidence of a prenatal infection. However, with some antigens and some serologic tests it is difficult to determine the specificity of the reactions, especially when titers are low. In addition, infection with an agent does not necessarily result in abortion or stillbirth. The results of this study suggest that virus isolation and FAT are more effective than serologic examination of fetal fluids for diagnosing abortions caused by leptospirosis and BVD and BD viruses. With the currently available serologic tests and the difficulty in interpreting the significance of the results, serologic examination of aborted fetuses appears to be a relatively ineffective method for diagnosing these infections, and, if used as a routine diagnostic procedure, it probably would not greatly enhance the information obtained by a thorough examination of fetal tissues for the infectious agents. 
